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Motivation

Asteroid body. density:3320 kg/m3

fallangle: 18°,diameter: 19 m, velocity: 19 km/s
Ek: 514 ktTNT

http://www.AsteroidHazard.pro

***
The main motivation is to create a quick and accurate tool for 
assessing the consequences of the impact of a cosmic body.



Relative density distribution along trajectory at different altitudes h
D=40 m, V=18 km/s; chondritic material (2650 kg/m3), α=900

Black – solid meteoroid material

Basis: 
large meteoroid deformation begins at h, where 
aerodynamical loading>>strength

Main assumptions
 Zero strength
 Ablation as evaporation
 Radiation transfer in thermal conductivity 

approximation

Formal range
D>30-50 m; h<40 km (Svettsov et al. 1993)

Quasi-liquid meteoroid  model

Restrictions:
quasi-liquid assumption

Quasi-liquid model= QL model
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D-30-45-20 density: 3320 kg/m3

diameter: 30 m
entry angle: 45°
velocity: 20 km/s

km km

km
km

Central zone
Overpressure distribution obtained for one variant 4
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30
4520

Diametr, m

Fall angle, 
degree

Velocity,
 km/s

□ Square figures – asteroids (3320 kg/m3)
△ Triangle figures – granite (2630 kg/m3)
◯ Circle figures – comets (1000 kg/m3)

Total 81 variants of different 
diameter, fall angle, velocity 
and density 

Modeled variants
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Effective airburst altitude
For  quick rough evaluation of the impact consequences 

(levels of damage, area of the damage, etc) 
at large distances from the ground zero 

spherical source - reasonable SW evaluation
if  the altitude Heff of E-equivalent point explosion is 

correctly determined

QL model was used to determine Heff =f(D,density,α) 
(Shuvalov et al. 2016)

Effective altitude dependence on meteoroid size

This approach:

-Precision of estimates - 2-3 km
(random character of disruption)

-Is applicable for D>10-30 m

- for D~10-30 m the uncertainty in effective altitude may
reach 10-15 km (Chelyabinsk, TC32008 and other cases)
-(strength, fragmentation features etc)

Determination of the height of the “meteoric explosion”
Shuvalov et al. Solar System Research 2016, V.50, I.1, pp 1-12

H𝑒𝑒𝑒𝑒𝑒𝑒 = (−1.3 ∗ 𝐻𝐻 ∗ Ln(D ∗ ( ⁄Sin 𝛼𝛼 𝐻𝐻) ∗ ⁄ρ ρ0 ⁄2 3) + 𝐻𝐻 ⁄) 1000

15°

15°

90°

90°

Orange – asteroids
Blue – comets

Entry angles: 15°-90°

Effective altitude for 
cometary object is higher 

than for asteroidal one 
all other parameters are the same
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Effective airburst altitude – uncertainty area

Asteroids Comets

Crater-forming
variants

Crater-forming
variants

airbursts
airbursts

H𝑒𝑒𝑒𝑒𝑒𝑒 = (−1.3 ∗ 𝐻𝐻 ∗ Ln(D ∗ ( ⁄Sin 𝛼𝛼 𝐻𝐻) ∗ ⁄ρ ρ0 ⁄2 3) + 𝐻𝐻 ⁄) 1000
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∆𝑝𝑝 = 𝑝𝑝𝑃𝑃 ∗ 𝑖𝑖 ∗
𝐸𝐸𝑘𝑘

⁄1 3

𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒2 + 𝑒𝑒2 + 𝑃𝑃2

𝑝𝑝𝑝𝑝𝑝𝑝

x, y – spatial coordinates
𝑝𝑝𝑃𝑃– ellipticity parameter, 
𝐸𝐸𝑘𝑘 – kinetic energy of the impactor in kt TNT,
𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒- effective height of point source,
𝜙𝜙 – arctan(y/x).

Scaling relation for overpressure

𝑝𝑝𝑃𝑃 𝜙𝜙, … =

𝑒𝑒 ∗ b

𝑒𝑒2Sin[ϕ]2 + b2Cos[ϕ]2
,0 ≤ 𝜙𝜙 < 𝜋𝜋

𝑒𝑒 ∗ f

𝑒𝑒2Sin[ϕ]2 + 𝑓𝑓2Cos[ϕ]2
,−𝜋𝜋 ≤ 𝜙𝜙 < 0

the spatial heterogeneity

Airburst
𝑝𝑝𝑝𝑝𝑠𝑠 = 1.5
𝑖𝑖 = 𝑃𝑃𝑝𝑝𝑒𝑒𝑃𝑃𝑙𝑙

𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑓𝑓𝑓𝑓𝑒𝑒𝑃𝑃𝑙𝑙𝑃𝑃𝑝𝑝𝑒𝑒(𝜌𝜌,𝐷𝐷,𝛼𝛼)
𝑝𝑝𝑃𝑃 = 𝑝𝑝𝑃𝑃 𝜙𝜙,𝑒𝑒𝑎𝑎𝑎𝑎, 𝑖𝑖𝑎𝑎𝑎𝑎, 𝑓𝑓𝑎𝑎𝑎𝑎

𝑒𝑒𝑎𝑎𝑎𝑎 = 𝑓𝑓𝑓𝑓𝑃𝑃𝑒𝑒𝑙𝑙𝑃𝑃𝑝𝑝𝑒𝑒(𝜌𝜌,𝐷𝐷,𝛼𝛼,𝑉𝑉)
𝑖𝑖𝑎𝑎𝑎𝑎 = 𝑓𝑓𝑓𝑓𝑃𝑃𝑒𝑒𝑙𝑙𝑃𝑃𝑝𝑝𝑒𝑒(𝜌𝜌,𝐷𝐷,𝛼𝛼,𝑉𝑉)
𝑓𝑓𝑎𝑎𝑎𝑎 = 𝑓𝑓𝑓𝑓𝑃𝑃𝑒𝑒𝑙𝑙𝑃𝑃𝑝𝑝𝑒𝑒(𝜌𝜌,𝐷𝐷,𝛼𝛼,𝑉𝑉)

Crater-forming
𝑝𝑝𝑝𝑝𝑠𝑠 = 1.4

𝑖𝑖 = 𝑓𝑓𝑓𝑓𝑒𝑒𝑃𝑃𝑙𝑙𝑃𝑃𝑝𝑝𝑒𝑒(𝐸𝐸𝑘𝑘)
𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒 = 0

𝑝𝑝𝑃𝑃 = 𝑝𝑝𝑃𝑃 𝜙𝜙,𝑒𝑒𝑐𝑐𝑒𝑒, 𝑖𝑖𝑐𝑐𝑒𝑒, 𝑓𝑓𝑐𝑐𝑒𝑒
𝑒𝑒𝑐𝑐𝑒𝑒 = 𝑓𝑓𝑓𝑓𝑃𝑃𝑒𝑒𝑙𝑙𝑃𝑃𝑝𝑝𝑒𝑒(𝜌𝜌,𝐷𝐷,𝛼𝛼,𝑉𝑉)
𝑖𝑖𝑐𝑐𝑒𝑒 = 𝑓𝑓𝑓𝑓𝑃𝑃𝑒𝑒𝑙𝑙𝑃𝑃𝑝𝑝𝑒𝑒(𝜌𝜌,𝐷𝐷,𝛼𝛼,𝑉𝑉)
𝑓𝑓𝑐𝑐𝑒𝑒 = 𝑓𝑓𝑓𝑓𝑃𝑃𝑒𝑒𝑙𝑙𝑃𝑃𝑝𝑝𝑒𝑒(𝜌𝜌,𝐷𝐷,𝛼𝛼,𝑉𝑉)
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𝑉𝑉𝑖𝑖𝑃𝑃𝑒𝑒 =
330
𝛾𝛾

∗ ( ⁄𝑝𝑝 𝑝𝑝 0 − 1) ∗ 1 +
𝛾𝛾 + 1
2 ∗ 𝛾𝛾

∗ ( ⁄𝑝𝑝 𝑝𝑝 0 − 1)
⁄−1 2

𝛾𝛾 - adiabatic index

𝑣𝑣𝑖𝑖𝑃𝑃𝑒𝑒 =

67.1 ∗ 𝐸𝐸𝑘𝑘0.38

𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒1.53 ,𝜌𝜌 = 1000 𝑞𝑞𝑀𝑀/𝑖𝑖3

40.51 ∗ 𝐸𝐸𝑘𝑘0.39

𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒1.45 ,𝜌𝜌 = 3320 𝑞𝑞𝑀𝑀/𝑖𝑖3

Wind speed:
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Overpressure field with model and errors
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Results 
comparison

Scalings-solid

Numerical modeling 
data - dashed

D-50-30-15
density: 3320 kg/m3

diameter: 50 m
fall angle: 30°
velocity: 15 km/s

Collins et al. 2017

Our scaling relations
http://AsteroidHazard.pro



Modeled variants in 2021 PDC excercise
«As mentioned previously, the size of 2021 PDC is highly 
uncertain, ranging from as small as 35 meters to as large 
as 700 meters. This estimate is based on the asteroid’s 
brightness, its estimated distance, and the wide range of 
possible albedos (reflectivities). 
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Velocity 15 km/s

Velocity 20 km/s

Little is known about other properties of 
the object, such as composition and 
density. As a result, the potential impact 
damage and population risk is also 
highly uncertain. Based on these 
estimates, the possible energy released 
on impact could range from 1.2 Mt to 
13 Gt (TNT equivalent).

Velocity from 15.12 to 15.87 km/s
Entry angle from 0  to 90°
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Scaling relation for different diameters
density: 3320 kg/m3

diameter: various
fall angle: 60°
velocity: 15 km/s

D: 30 D: 50 D: 150
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Scaling relation for different diameters

D: 300

density: 3320 kg/m3

diameter: various
fall angle: 60°
velocity: 15 km/s

D: 500 D: 700
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a: 30° a: 60° a: 75°

Scaling relation for different entry angles

density: 3320 kg/m3

diameter: 300 m
fall angle: various
velocity: 15 km/s



Location map of eyewitness reports. .
Glass damage (filled red circle); glass rattled, not broken (o); chum 
destruction (Λ); heat and unconsciousness (orange X); people 
falling (person symbol). 
Gray areas - ΔP based on  scaling relations (12 Mt, 2000 kg/m3, 
25°, 27 km/s). 
Contours (from dark to light): ΔP ~1500, 1000, 700 and 500 Pa 
(Jenniskens et al. 2019)

Tunguska and Chelyabinsk events

15

ΔP obtained in the frame of QL model (Shuvalov et al.2017), 
black circles - reported damage, open circles – no damage. 
Main characteristics of ΔP zones (>1 kPa) - satisfactory agreement 
Scaling relations (not given) are also in agreement.



http://www.AsteroidHazard.pro



http://www.AsteroidHazard.pro

http://www.AsteroidHazard.pro
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http://www.AsteroidHazard.pro
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API (application programming interface)

http://AsteroidHazard.pro

HTTP post request



Summary
• The scaling relations for shock wave effects for 20 – 3000 m objects impact are presented. 

Scaling relations for  overpressure, wind and some other characteristics are constructed.

• For the first time this scaling relations take into account spatial asymmetry induced by impact 
angle.

• Suggested scaling relations were compared with modelling results and existing observational 
data and demonstrated reasonable agreement

• Described scaling relations are implemented into web-based calculator

• PDC probable impactor parameters are very uncertain and its impact may result in 
consequences of different scale.
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Thank you for attention

follow the updates on the site
AsteroidHazard.pro
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